Abstract. This study aimed to explore and evaluate the tolerability and antiviral activity of pegylated recombinant human consensus interferon-α (PEG-CIFN) in adults with hepatitis C virus (HCV) infection. A total of 48 adult subjects chronically infected with HCV were divided into five groups, which were treated separately with PEG-CIFN 1.0 µg/kg (n=10), 1.5 µg/kg (n=10), 2.0 µg/kg (n=9) or 3.0 µg/kg (n=10), or pegylated IFN α-2a (Pegasys) 180 µg (n=9) as controls. Symptoms were observed and laboratory results collected to monitor adverse reactions, adjust drug dosage and evaluate tolerability. The thrombocytopenic effects in all PEG-CIFN dose groups were less than that of pegylated IFN α-2a (at week 14, P<0.05). The rapid virologic response of the PEG-CIFN 1.5, 2.0 and 3.0 µg/kg groups and the pegylated IFN α-2a group were significantly higher than that of the PEG-CIFN 1.0 µg/kg group (P<0.05). Patients who had HCV genotype 1b infections had relatively high responses. The early virologic response of the PEG-CIFN 1.0, 1.5 and 2.0 µg/kg groups and the pegylated IFN α-2a group were 30, 90, 88.8 and 88.8% respectively. PEG-CIFN is well tolerated, and was found to have dose-dependent effectiveness in subjects with chronic hepatitis C. Virological response rates between PEG-CIFN 1.5 or 2.0 µg/kg, and pegylated IFNα-2a were similar, and not significantly different. It is concluded that 1.5 µg/kg PEG-CIFN may be the clinically recommended dose. PEG-CIFN is superior to pegylated IFN α-2a in maintaining platelet levels.
Introduction
Hepatitis C virus (HCV) chronically infects ~180 million people worldwide, and is a frequent cause of liver diseases, including liver failure and hepatocellular carcinoma (1, 2) . The seroprevalence of hepatitis C infection in the general population of China is estimated to be 0.8-2.1% (3). The rate is much higher in certain subgroups such as injecting drug users or subjects with hemophilia (3) .
The discovery of direct-acting antiviral agents (DAAs) in 2002 led to the development of small molecules to block the replication of HCV, including novel antiviral targets (4, 5) . Based on the impressive improvements in sustained virologic response (SVR) rates in phase III trials (6) , the first two protease inhibitors telaprevir and boceprevir were recently approved by the US Food and Drug Administration, and are currently recommended first line agents for genotype 1 infections. However, while they are generally well-tolerated, adverse events are common, and the agents are very expensive. Furthermore, triple therapy is not approved for use in non-genotype 1 HCV infections, and there are numerous drug-drug interactions that preclude their use. Prior to the development of triple therapy, peginterferon α-2b or peginterferon α-2a alone, or in combination with weight-based ribavirin had been the standard treatment chronic hepatitis C resulting in SVRs of 30 and 50% (7, 8) respectively, for genotype 1 cases, and 80% for genotypes 2 and 3 (9) (10) (11) (12) .
Two polyethylene glycol (PEG)-modified interferons, interferon (IFN)-α-2a containing a branched 40-kD PEG molecule (PEGASYS ® ; F. Hoffmann-La Roche, Inc., Basel, Switzerland) and IFN-α-2b containing a linear 12-kD PEG molecule (PEG-INTRON ® ; Merck & Co., Inc., Kenilworth, NJ, USA) are currently on the market. However, side effects are quite problematic, and the efficacy of PEG-IFN monotherapy is limited. Consensus interferon (CIFN) was designed in order to maximize efficacy, and minimize side effects. It is composed of the most frequently observed amino acids in each corresponding position in the natural α IFNs. CIFN shares an 89, 30, and 60% homology with IFN-α, IFN-β and IFN-ω, respectively (13) . CIFN has been shown to be efficacious in HCV genotype 1 patients who have failed therapy with PEG-IFN (14) . In order to increase the duration of action, Tolerability and efficacy of pegylated consensus interferon-α in the treatment of chronic hepatitis C (15) . The PEG-CIFN investigated in the current study was produced by the covalent attachment of a single 20-kDa methoxypolyethylene glycol-propionaldehyde molecule to the N-terminus of IFN, forming a molecule with an average molecular weight of ~40 kDa. This modification results in a longer half-life and sustained antiviral action (15) . PEG-CIFN has exhibited improved pharmacokinetic properties compared with CIFN in monkeys and rats, with 12-and 15-fold increases in elimination half-life, and 100-and 10-fold reductions in serum clearance, as well as a 2.5-and 10-fold increases in the time to reach peak serum concentrations, respectively (15) .
In vitro studies have shown that the antiviral mechanism of action of PEG-CIFN is identical to that of CIFN: Competitive inhibition of virus binding with receptors on target cells. Therefore, damage to target cells can be minimized. Studies in animals have suggested that PEG-CIFN has significant antiviral activity (16) . The aim of the current study was to determine the tolerability and antiviral activity of PEG-CIFN in adults with HCV infection.
Materials and methods
Subjects. Forty-eight subjects from Jilin province, China were enrolled in the study, and the characteristics of the subjects are shown in Table I .
Inclusion criteria: Eligible subjects were 18-65 years old, with compensated liver disease due to chronic HCV infection, plasma HCV RNA levels >2,000 IU/ml, and no history of previous anti-HCV treatment, an absolute neutrophil count >1,500/ml 3 , a platelet (PLT) count of >90,000/mm 3 and hemoglobin levels of >12 g/dl (for women) or >13 g/dl (for men), body mass index (BMI) between 18 and 26 kg/m 2 and alanine aminotransferase (ALT) level <240 IU/l.
Exclusion criteria: Co-infection with human immunodeficiency virus or hepatitis B, any other cause of liver disease, severe depression or a severe psychiatric disorder, active drug or alcohol abuse, liver cirrhosis, or hepatocellular carcinoma, abnormal serum creatinine level, serum total bilirubin level >34.2 µmol/l or serum albumin <35 g/l.
This clinical trial was approved by the Ethics Committee of the First Hospital of Jilin University (Jilin, China). All subjects provided signed informed consent prior to enrollment.
Study design. The 48 adult subjects infected with HCV were divided into five groups. The first group received weekly PEG-CIFN by subcutaneous injections at a dose of 1.0 µg/kg, and were observed for 4 weeks. If the subjects tolerated the dose, the next groups received 1.5 and 2.0 µg/ kg PEG-CIFN weekly for 14 weeks, but were not given drug at weeks 2 and 14 due to pharmacokinetic experiments. Therefore, in total the patients received 12 doses of PEG-CIFN monotherapy. One group received the maximum dose of PEG-CIFN (3.0 µg/kg) only to evaluate tolerance according to the protocol. Pegylated IFNα-2a (peginterferon α-2a; Pegasys) was administered at a dose of 180 µg using the same treatment protocol as the PEG-CIFN groups and served as a positive control.
Safety was assessed by physicians of the First Hospital of Jilin University, at weeks 2, 4 and 8 or other (emergency) visits. If >50% of subjects had any of the following adverse events, the dose escalation was terminated: Absolute neutrophil count (ANC) <0.5x10 9 /l, PLT count <30x10 9 /l, ALT >400 IU/l, persistent ALT rise or accompanied by bilirubin elevation after dose titration, serum total bilirubin >51.3 µmol/l, development of ascites, hepatic encephalopathy, or psychiatric disorders, allergic reactions, uncontrolled thyroid disease, diabetes mellitus, serious damage to the heart, kidney, brain, lung, etc.
If a serious adverse event occurred during the course of treatment, we discontinued or modified the dosage of PEG-CIFN until the adverse event abated or decreased in severity. The process for dose reduction consisted of two-steps. If the ANC or PLT count was 0.5x10 9 -0.75x10 9 /l or 30x10 9 -50x10 9 /l, respectively, the treatment dose of PEG-CIFN was reduced. If the ANC or PLT count fell below 0.5x10 9 /l or 30x10 9 /l, respectively, the drug was discontinued. Drug doses could be increased once the cytopenia resolved (when the ANC was ≥0.75x10 Follow-up. The subjects were monitored every week by physical examination, vital signs, inquiries of adverse reactions and weight measurements. At weeks 4, 8 and 14, HCV RNA levels were measured by quantitative polymerase chain reaction using the COBAS TaqMan HCV test (Roche Molecular Systems, Pleasanton, CA, USA), which has a low limit of quantitation (15 IU/ml). Complete blood cell counts were measured weekly and drug dosages adjusted accordingly for abnormalities in hemoglobin levels, ANC and PLT count. Subjects were randomly assigned to groups. If subjects missed more than one follow-up visit, those persons were considered non-compliant and were removed from the study. Evaluation of tolerability index test results for PEG-CIFN and peginterferon α-2a groups were compared with the same dose group at week 0 (Fig. 1) .
Efficacy. The primary efficacy criterion was the percentage of subjects whose HCV RNA levels were undetectable at week 14 [early virologic response (EVR) after 12 doses of PEG-CIFN]. The secondary efficacy criterion was the percentage of subjects whose HCV RNA levels were undetectable at week 4 and after a further 3 doses of PEG-CIFN at week 8. Reductions in HCV RNA levels at weeks 4, 8 and 14 were expressed as log 10 .
Statistical analysis. The results were analyzed with analysis of variance tests or Kruskal-Wallis tests using SAS software, version 9.0 (SAS Institute, Cary, NC, USA). The results were presented as means ± standard deviations. Multivariable logistic regression analyses involving age, gender, baseline HCV RNA levels, baseline ALT levels, baseline aspartate aminotransferase levels, BMI and treatment regimens were performed to determine virologic responses at weeks 4, 8 and 14. Virologic response was defined as an undetectable HCV RNA level (<15 IU/ml). P<0.05 in two-sided tests were considered to indicate a statistically significant difference.
Results
Baseline characteristics. The study enrolled 48 HCV-infected subjects of whom 15 subjects were female (31.2%). The average age of the patients was 47.4 years, ranging from 20 to 65 years. There were no significant differences between the dose groups at baseline for any of these characteristics (Table I) .
Tolerance PLT counts. The PLT counts of each group decreased from the baseline to week 8, and then began to rebound at week 9. The PLT counts of all PEG-CIFN dose groups were significantly higher than that of the peginterferon α-2a group at weeks 4, 8 and 14. Actual numbers and percentage changes are listed in Table II .
It was observed that the thrombocytopenic effect of PEG-CIFN was more moderate compared with that of peginterferon α-2a (180 µg) group. Therefore, subjects with cirrhosis and pre-treatment thrombocytopenia may be more suitably treated with PEG-CIFN rather than with the currently approved pegylated IFNs. However, even in the PEG-CIFN groups, PLT counts decreased until week 8, and then became relatively stable. This suggests that the clinical observation time should be extended from to 4 to 8 weeks (16) .
Hemoglobin levels. The hemoglobin levels in each group remained >100 g/dl. None of the groups required adjustments in dosage due to anemia.
Neutrophil counts. ANCs at weeks 4, 8 and 14 were significantly lower than that at baseline (P<0.05). There were no statistically significant differences in ANCs between any dose group at baseline, and weeks 4, 8 and 14.
At weeks 4, 8 and 14, there were 5 subjects whose ANCs were <0.75/mm 3 but >0.5/mm 3 in the PEG-CIFN 1.0, 1.5 and 2.0 µg/kg groups and the peginterferon α-2a group combined. According to the protocol, their doses were reduced by 25%. After 1 week, the neutrophil counts rose to >0.75x10 9 /l. Original doses were then re-instated.
PLT counts and ANCs decreased following the initiation of treatment, and then slowly rose with increasing treatment time or dose adjustment. The rebound in counts was significant in all PEG-CIFN groups compared with the peginterferon α-2a group.
Total bilirubin levels. Total bilirubin levels did not change significantly between any group at any time point.
Fibroscan values. Fibroscan values were tested at screening and week 14 of the study. FibroScan use the vibration control of the instantaneous elastic imaging to assess the hardness of the liver. The larger the value of elasticity, the greater the value of liver tissue hardness. For viral hepatitis, fibrosis was staged on a scale as follows: F2 (stiffness 0-7.3 kPa); F2-F3 (stiffness 7.3-12.4 kPa); F3-F4 (stiffness 12.4-17.5 kPa) and ≥F4 (stiffness ≥17.5 kPa). In the PEG-CIFN 2.0 µg/kg group, the Fibroscan values increased significantly compared with that at baseline (P<0.05). There were no statistically significant differences between the baseline value and the value at week 14 in any of the other dose groups.
Ophthalmologic complications. It has been reported that IFN-associated retinopathy occurs in 15-64% of IFN-treated patients (17) . In the current study, it was found that 35.4% of subjects had ocular adverse reactions. These were mostly mild or moderate and gradually diminished. These events consisted of papilledema (5 subjects), retinopathy (5 subjects), arteriosclerosis (5 subjects), intraocular pressure and fundus cup-disc ratio, C/D≥0.5 (2 subjects).
Other adverse events. Adverse reactions were monitored and recorded weekly. Common adverse reactions were fatigue, poor appetite, feverishness, musculoskeletal pain, hair loss and depression. The incidence of the majority of the psychiatric and physical adverse events increased with increasing doses of PEG-CIFN, and they were higher than those of the pegylated IFN-2a group. All the events were mild or moderate and did not result in discontinuation of treatment.
The incidence of adverse reactions increased with increasing dose (Table III) . The incidence of adverse reactions was highest in the 3.0 µg/kg group, and some adverse reactions occurred in all participants in this group (100%).
Efficacy
Virologic response. There were no significant differences in baseline HCV RNA levels between any of the groups (Table IV) . Serum HCV RNA levels decreased significantly at weeks 4, 8 and 14 for all groups compared with baseline (P<0.05; Fig. 2 ).
The RVR rates for the PEG-CIFN 1.5, 2.0 and 3.0 µg/kg groups and for the peginterferon α-2a group were 70% (7/10), 77.8% (7/9), 60% (6/10) and 77.8% (7/9), respectively. These rates were all significantly higher than that in the PEG-CIFN 1.0 µg/kg group (10%, 1/10) (P<0.05). 
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At week 8, the extended RVR rates of the PEG-CIFN 1.0, 1.5 and 2.0 µg/kg groups and for the peginterferon α-2a group were 10% (1/10), 70% (7/10), 77.8% (7/9) and 66.7% (6/9), respectively. At week 8, the HCV RNA levels decreased rate for the PEG-CIFN 1.0, 1.5 and 2.0 µg/kg groups and for the peginterferon α-2a group were 30% (3/10), 90% (9/10), 88.8% (8/9) and 88.8% (8/9), respectively.
Multivariable logistic regression analyses were performed to study the virologic responses. The virologic responses at weeks 4, 8 and 14 were higher for the PEG-CIFN 1.5 and 2.0 µg/ kg groups and for the peginterferon α-2a group than that for the PEG-CIFN 1.0 µg/kg group. There was no difference in virologic response between the peginterferon α-2a and PEG-CIFN 2.0 µg/kg groups at weeks 4 and 8. Virologic response rates increased with increasing duration of drug administration.
Biochemical response. There were no statistically significant differences in ALT levels between any dose groups at baseline, or at weeks 4, 8 or 14. The ALT levels were observed to decrease as the duration of treatment increased, with no significant differences among all values in the same dose group (P>0.05).
Discussion
In the past, treatment with pegylated IFN α-2a or pegylated IFN α-2b, plus ribavirin, for 48 weeks was recommended for patients infected with HCV genotype 1, the most common 
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genotype in the United States and Europe (18) . By contrast, patients infected with HCV genotypes 2 or 3 may be treated with ribavirin (800 mg/day) and for just 24 weeks without compromising efficacy. These findings are reflected in treatment guidelines for chronic hepatitis C (19, 20) . The discovery of protease inhibitors as DAAs in 2002 led to the development of numerous small molecules that block the replication of HCV at novel antiviral targets (4, 5) . In patients with HCV genotype 2 or 3 infection for whom treatment with peginterferon and ribavirin was not an option, 12 or 16 weeks of treatment with sofosbuvir and ribavirin was found to be effective in early studies (21) . Triple therapy including direct-acting antiviral agents, other than protease inhibitors, combined with pegylated IFN α-2a or pegylated IFN α-2b, plus ribavirin) are showing promising results in clinical trials. The possibility of decreased side effects and tolerability with the same efficacy for PEG-CIFN indicate that it may play a role in combination with new direct acting agents in the future.
The virologic response rate for genotype 1 HCV treated with dual therapy (pegylated IFN combined with ribavirin) has been reported to be between 30 and 50% (7, 8) . In the current study, the RVR rate at week 4 was 10% in the PEG-CIFN 1.0 µg/kg group, but 60% in the PEG-CIFN 3.0 µg/kg group. These results suggest that the higher dose of PEG-CIFN may be the optimal dose for genotype 1, and that PEG-CIFN monotherapy compares favorably with dual therapy.
Host, virologic, and treatment factors such as viral load, age, gender, race, state of fibrosis, BMI and HCV genotyping have been reported to be associated with differences in response rates to HCV treatment (22) (23) (24) . In particular, the virologic response to antiviral treatment in women has been reported to be higher with standard-dose or high-dose peginterferon compared with low-dose peginterferon α-2a (22, 23) . However, in the current study, no significant effect of these factors on virological response was found.
In conclusion, the rates of favorable virologic response were similar, while the adverse event profile, particularly the decreased degree of thrombocytopenia, was better in patients who received PEG-CIFN compared with pegylated IFNα-2a. This locally produced PEG-CIFN may make the treatment available to many more patients. Limitations of this study include a small sample size and a short observation period. Larger studies particularly comparing PEG-CIFN in dual and triple therapy regimens may be helpful in determining the role of PEG-CIFN in future treatment of HCV infections.
